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METHOD AND SYSTEM FOR DETERMINING
WHETHER A TERMINAL BELONGS TO A
TARGET SPACE IN A COMMUNICATION
NETWORK, RELATED NETWORK AND
COMPUTER PROGRAM PRODUCT

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a national phase application based on
PCT/IB2004/003372, filed Oct. 15, 2004, the content of
which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present mvention refers to the techniques that allow
checking whether a terminal belongs to a target space 1n a

communications network, namely, for example, establishing
whether a given user terminal 1s 1 a certain area, called

“target” area.

DESCRIPTION OF THE PRIOR ART

In these latest years, with the capillary spreading of mobile
communication networks, the user interest in location-based
services has grown. Such services are currently called “Loca-
tion Based Services” or, briefly, LBS.

New types of location-based services have therefore
appeared: as an example, the following can be cited: services
for supplying information (services like “Yellow Pages™ from
which a user can obtain information about interesting places
near him) and user assistance services (for example emer-
gency services, so that the user calls are located and routed
towards the nearest assistance centre).

Among the location-based services, those services depend-
ing on the area 1 which a user can be found are widely
relevant. These types of services do notneed the accurate user
location, and instead need less detailed information: whether
a user belongs to a given geographical area, also called “tar-
get” area.

Some examples of these services are included below:

arcas with different fares: the mobile network operator or

manager can offer, to business or private users, reduced
fares for calls generated from or aimed to a defined
geographic area. For example, a company can therefore
have reduced fares available for calls performed from
within and to the business area, while a private person
can, always as an example, have reduced fares for calls
performed near his home. Or the mobile network opera-
tor or manager can offer, to business or private users,
increased fares 1n certain critical areas.

providing commercials or “advertising’: advertising infor-

mation (for example, possible discounts) that are cust-
omised depending on user profile and user position
within the communication network. The user can con-
figure his own profile by pointing out which are the
advertising information 1n which he 1s interested and the
period 1n which the service must be active. The subject
that provides the advertising information can circum-
scribe the area 1n which information are broadcast:
safety: it can happen when an object goes out of a certain
arca deemed as safe. For example, the safe area can
correspond to the area of a school attended by a child and
the object can be a mobile phone carried by the child;
passage between different networks; on mixed networks
(for example UMTS/WLAN) there 1s a high bit-rate

network for some limited areas (for example WLAN
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network) and a lower bit-rate network that covers bigger
service areas (for example UMTS). Big service areas
contain those with high bit-rate, that have a more limited
extension, namely a coverage area. The terminal 1s nor-
mally connected to the network with greater coverage
and lower bit-rate, and when it enters 1n the areas cov-
ered by the higher bit-rate networks, it connects thereto.
Under these situations, it 1s desired to detect when the
terminal goes in or out of the areas covered by the higher
bit-rate network.

Essentially, there are two types of systems that are sub-
jected to determine whether a user belongs to a given “target”™
area.

In the first type of systems, the user position 1s estimated by
means of a certain location method and afterwards 1t 1s evalu-
ated whether the estimated coordinates belong to a prefixed
area (for example as disclosed in EP-A-1 239 685).

This type of solution can be generally applied whichever
the chosen location method 1s. The choice can happen, for
example, among the location methods known in literature,
such as:

GPS (Global Positioning System),

E-OTD (Enhanced Observed Time Difference),

OTDOA (Observed Time Diflerence of Arrival).

Moreover, the position estimation can be carried out with
the system disclosed in WO 03/049479-A1.

The above-cited second type of systems does not aim to
establish the spot where the terminal can be found and there-
fore does without a real location action. These systems check
a series or radio-electrical parameters (for example power of
signal recerved from radio-base stations) and/or network
parameters (for example, server cell identification). Whether
a terminal belongs or not to a given area 1s estimated based on

these parameters.
Systems of this type are disclosed in WO 2002/085049 and

WO 2004/004372. Systems of this type will be herein below
called “localised triggers”™.

Though being able to provide ad indication whether a user
belongs or not to a “target” area, all these known systems and
processes anyway have a limited degree of accuracy. This
results 1n a non-null event probability value, so that the user,
though being outside the target area 1s estimated as being
inside, or 1n such event that a user that i1s actually present
inside 1s estimated outside. Obviously, the mentioned prob-
abilities can also operate so that the user placement inside or
outside the target area 1s correctly signalled, but only with a
certain delay with respect to when the relevant event (user
entry or exit with respect to the target area) occurred.

The probabilities of the two above-mentioned events, that
should be both low, are however as a trend linked by a differ-
ent link: therefore, when the former decreases, the latter tends
to increase and vice versa.

In general terms, the known technologies are configured 1n
the same way whichever the type or rendered service 1s
depending on whether one belongs or not to the target area or
space.

The Applicant has however become aware that this way of
operating can be unsatisfactory, since uncertainties and/or
delays (and, in general, accuracy) of a location technique can
have different weights for different services.

The Applicant 1n particular observed the occurrence of
problems 1n some types of services.

For example, for a safety service linked to the check
whether the terminal remains 1n a given “target” area, the
indication that the terminal went outside the given “target”
area can be provided not immediately, but only with a certain
delay.
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This situation (terminal signalled inside the “target” area
when 1t 1s actually outside 1t) can be unacceptable for the

relevant service, while some “false positive” or “false alarm”™,
namely a (wrong) signal that the terminal should have leit the
target area while 1nstead it 1s still inside 1t, could be allowed.

As a complement, for an access control service, the indi-
cation that the terminal has entered the “target” area cannot be
provided immediately, but only with a certain delay.

This situation (terminal signalled outside the target area
when 1t 1s actually inside) can be unacceptable, while some
(wrong) signals would be allowed that the terminal should
have entered the “target” area while instead 1t 1s still outside
the area 1tsell.

Moreover, the Applicant observed that, within a given type
ol service, different cases must often be managed.

For example, in case of application of an increased fare in
a certain critical area, 1t 1s important that the higher fare 1s
applied only 1f one 1s really sure that the user 1s 1n the “target™
area. In this case no situations are allowed in which the user 1s
outside and 1s detected as inside. It can 1instead be allowed that
a lower fare 1s applied to the user that 1s actually present in the
“target” area but that has been detected as outside.

A similar situation, but with opposite requirements, occurs
when a reduced fare 1s applied 1n a given area. In this case, 1t
1s important that the higher fare 1s applied only 1f one 1s really
sure that the user 1s outside the “target” area for applying the
reduced fare. In this case no situations are allowed 1n which
the user 1s inside and 1s detected as outside. It can instead be
allowed that a lower fare 1s applied to the user, even if he 1s
actually outside the *““target” area, but 1s detected as being
inside.

As a further example, 1n the advertising field, 1t can be
desirable that the probability of the event with a user outside
the “target” area detected as inside the target” area 1s low
while a higher probability of the event with a user inside the
“target” area detected as outside the “target” area. Concretely,
it can be difficult to tolerate that a user that accidentally passes
with his car near a relevant spot (restaurant, commercial
centre, cinema, fuel station, etc.) receives advertisements
related to the relevant spot 1tself: such advertisements being
prone to be both useless and annoying. In such case, mstead,
it 1s allowable that, 1f the user actually enters the “target™ area,
his entry 1s detected with a certain delay, thereby making, for
a certain interval of time, though being inside the “target”
area, the user detected outside the “target” area so thathe does
not recetve any advertisement.

In general, for some services, it 1s not allowed that a user
outside the “target” area 1s detected as inside the “target” area,
while it can be allowed that, though being inside the “target™
area, he 1s detected as outside the “target” area. On the con-
trary, 1n other types of services, no conditions are allowed for
which the user inside the “target” area 1s detected as outside
the “target” area while 1t can be allowable that, though being
outside the “target” area, he 1s detected as 1nside the “target”
area.

In terms of delay, for some services, no delays are allowed
in detecting the entry (or exit) into certain areas, while false
detections can be tolerated. On the contrary, in other types of
services, no lalse detections are allowed and delays can be
tolerated.

OBJECT AND SUMMARY OF THE INVENTION

The Applicant has discovered that the known localisation
systems, and 1n particular those that have been mentioned
previously, do not allow the best management of these differ-
ent needs, linked to the type of service.
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More specifically, from the previous description of the
current situation, the Applicant has detected and dealt with
the problem of having available techmques that, in checking
whether a mobile terminal belongs to a certain “target”™ area,
can——correctly—take 1nto account the different weight that
inaccuracies/delays can have according to the rendered ser-
vice.

Object of the present invention 1s satisiying the above-
mentioned need.

According to the present invention, this object 1s obtained
by means of a method whose characteristics are included in
the following claims. The present invention also deals with a

corresponding system, a network comprising such system, in
addition to an information product that can be loaded in the
memory of at least one processor and comprising portions of
software code 1n order to perform the above method. As used
herein, the reference to such an information product 1s meant
as equivalent to the reference to means that can be read by a
processor containing instructions for controlling a processor
system 1n order to coordinate the performance of the method
according to the invention. The reference to “at least one
processor’” 1s aimed to enlighten the chance that the present
invention 1s enacted 1n a distributed and/or modular way.

Specific features of the invention are defined 1n the follow-
ing claims, that are in all respects an integral part of the
present description.

A possible embodiment of the 1nvention 1s aimed to deter-
mine whether at least one terminal belongs to a “target” space
(for example a certain area) 1 a communications network.
This 1n order to provide a set of services linked to the fact that
the terminal belongs or not to the target space. Whether the
terminal belongs 1s determined depending on at least one
determination parameter (in particular the determination
parameter for belonging to the “target” space) linked to the
adopted location technology, which can be of any type. The
herein described method provides for associating to the ser-
vices respective service specifications (P(elout), P(elin);
P(elin), r) indicative of the allowable error margin 1n deter-
mining whether a certain terminal belongs or not to the “tar-
get” space. The determination parameter or parameters are
then changed depending on service specifications.

The relevant specifications can correspond, for example,
to:

1) the probability (P(elout)) that the terminal (100), placed
outside the target space (A), 1s wrongly detected as
placed inside the target space (A);

1) the probability (P(elin)) that the terminal (100), placed
inside the target space (A), 1s wrongly detected as placed
outside said target space (A).

Always as an example, another possible choice of service

specifications corresponds to:

1) the probability (P(elin)) that the terminal (100), placed
inside the target space (A), 1s wrongly detected as placed
outside said target space (A);

1) the ratio (r) between the size of the space detected as
belonging to the target space (A) and the actual size of
the target space (A).

In a particularly preferred way, the above service specifi-
cations are determined as model (such as a mathematical
model).

The herein described arrangement allows determining
whether a user (or a mobile terminal) belongs to a given
“target” area, with a preferred, but not exclusive, application
sector composed of radio-mobile networks.

In a particularly preferred embodiment, the herein
described arrangement provides for the use, as input data, of:
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definition of a “target” area. The “target” area can have any
shape and 1s defined by taking into account that one or
more of the provided services are different depending on
the user position with respect to the area (1n/out);

service specifications related to the accuracy 1n recognis-
ing the user position with respect to the “target” area.
The specifications allow reaching, for example, a right
compromise between the need of recognising the user
inside the “target” area, when he actually 1s 1nside the
area, and the need of recognising him outside, when the
user 1s outside the area.

For example, 1t 1s possible to choose the best compromise
between:

the need of having a low probabaility that the user 1s 1n the

“target” area and 1s recognised as out;

the need of having a low probability that the user 1s out of

the “target” area and 1s recognised as 1n.

As already stated, both probabilities cannot be null and
typically when one decreases, the other increases. The herein
described arrangement allows adapting to the specifications
of the relevant service choosing the right balance between the
two needs.

The definition of the “target” area can occur 1n various
ways. For example, 1f the area 1s a circle, 1t 1s enough to
provide the centre coordinates and the radius length. Obvi-
ously any other type of “target” area can be taken into account
and any specification criteria of the “target” area can be used.

The accuracy specifications can be different for different
“target” areas. This makes the herein described arrangement
different from the known technologies that satisty fixed accu-
racy specifications.

In the detailed description, that follows, of an embodiment
of the invention, some mathematic indicators will be
described, through which it 1s possible to define the above
accuracy specifications.

The output 1s represented by trigger events (entry or exit
detection events) and/or by information about the presence of
a user or an object iside the “target” area.

The described arrangement provides for the use of any
location technology among the various available ones and
therefore 1t 1s 1n no way linked to the choice of a specific
technology. The location function 1s therefore subjected to
being implemented with any one of the known location and
localised trigger methods or through the methods described
below.

The herein described arrangement provides for the use of a
mathematical model of location and/or localised trigger
methods. Having the mathematical model and the location
technology available, the arrangement determines the project
parameters 1 order to verily the given accuracy specifica-
tions depending on the assigned target area. The mathemati-
cal model and the mode used for obtaining 1t are also included
within the scope of the present mnvention.

(L]

ENCLOSED

BRIEF DESCRIPTION OF TH.
DRAWINGS

The 1mvention will not be described, merely as a non-
limiting example, with reference to the figures of the enclosed
drawings, 1n which:

FI1G. 1 schematically shows a typical application context of
the herein described arrangement;

FIG. 2 shows an architectural diagram of an embodiment
of the described arrangement;

FIGS. 3 to 7 show various geometric parameters which will
be referred to 1n the following description;
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FIG. 8 shows a descriptive example of a continuous area as
set of square pixels;

FIG. 9 shows a descriptive example of a non-continuous
area as set ol square pixels;

FIG. 10 shows an example of real “target” area and
detected ““target™ area;

FIG. 11 shows a sequence of steps for experimentally
determining a mathematical model that can be used within the
invention; and

FIGS. 12 and 13 show an example of mathematical models
for some below-described indicators.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

As a general reference, aim of the herein described
arrangement 1s determining whether a mobile terminal
included 1n a communications network belongs to a given
area.

A possible field of application of this arrangement 1s given
by radio-mobile networks (for example GSM, UMTS, etc.)
and by networks for which the terminal supports many pro-
tocols (mixed networks, for example UMTS/WLAN).

As an example, FIG. 1 refers to a generic communications
network N comprising any number of terminals 100 con-
nected to respective nodes 200, that are mutually 1ntercon-
nected in order to allow communications among the terminals
100.

To better state 1t, without limiting the invention 1n any way,
it can be deemed that the communications network N 1s a
cellular communications network (according to any known
standard) comprising a plurality of base stations 200 (BTS,
NodeB, . . . ) that are prone to serve the terminals 100.

Substantially similar considerations can be valid for a
WLAN network, 1in particular for a so-called “hot spot” based
on WLAN technology.

In any case, the representation 1n FIG. 1 1s schematically
and generic on purpose: this choice 1s given by the will of
pointing out that the herein described arrangement 1s prone to
be applied to any communications network.

As stated, the herein described arrangement fulfils the
object of locating the terminals 100 1n order to provide loca-
tion-based services for the terminals 100 themselves.

The term “location” here means i general the placement
of a given terminal 100 1n a certain area or space A, called
“target” area or space.

For such purpose, 1t will be appreciated that the network N
must not necessarily be a mobile communications network as
strictly defined. The possible change of terminals 100 loca-
tion within the network N can 1n fact correspond both to the
displacement of mobile terminals, and to a following differ-
ent placement 1n different target spaces A of terminals 100
that per se cannot be 1dentified as real mobile terminals.

Essentially, the described arrangement provides:

the determination of one or more “target” areas under a

situation in which the or each area can have any shape.
The described arrangement allows recognising at any
time whether the user or mobile object are mside or
outside a certain target area. It further allows generating
trigger events every time the user or mobile object enters
in, or goes out of, the “target” area;

the presence ol “service specifications” (or “‘accuracy

specifications™) related to trigger accuracy. The avail-
able technologies have limited accuracies 1n that there 1s
a non-null probability that the user 1s outside the “target™
area though he 1s estimated 1nside, or thathe 1s inside and
1s estimated outside.
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FIG. 2 describes the logic-functional architecture of the
herein described system, designated as a whole with S.

In particular, the affected logic-functional architecture pro-
vides for the suitably described “target” area 1 as input, with
related accuracy specifications 2.

Input information (1 and 2) are processed by a module 3 for
determining project parameters (or variables), that also uses
information dertving from mathematical models or location
technologies stored 1n a module 4.

In particular, module 4 1s a data base that stores the math-
ematical models of a defined set of location technologies
and/or localised triggers; advantageously, only one of such
models will be chosen for implementing the method of the
invention, as will be described 1n more detail below.

Module 3 generates one or more project parameters 10 (or
“determination parameters”, namely the parameters that, as
will be better described below, are used for determining the
target area) aimed to be passed to a module 5 that implements
the location technology. After having recerved the determi-
nation or project parameters 10, the module 5 activates the
analysis of detected information, schematically shown with
6, and determines output information 7 and/or 8.

Output 7 provides the indication of user position with
respect to the “target” area that can be internal IN or external
OUT. Output 8 turther provides signals that indicate the user
entry or exit from the “target” area. These entry/exit signals
are trigger events for location-based services, such services
being linked (1n an immediate or delayed-in-time way) to the
user entry or exit with respect to the “target” area.

The “target” area 1s the portion of the relevant geographical
area, usually linked to the providing of a service based on the
user position with respect to it.

In the present description, a generic reference has been and
will be made to an “area” taken as “target”. As regards this, 1t
will be appreciated that the term “area” 1s here an example of
a space that 1s adapted to be composed not only of a geo-
graphical area (two-dimensional space), but also of a delim-
ited space (three-dimensional space) and, at least virtually, of
a space with an elongated shape 1n which there 1s a single
meaningful space coordinate (one-dimensional space).

The “target” space can then be defined in several ways.
Herein below, as a non-limiting example, some methods are
listed, that can be used for describing a “target” space; this
reference does not exclude the use of any other method in
implementing the ivention.

As a first example, the “Geographical Area Description”
(GAD) specifications can be mentioned: the 3GPP (Third
Generation Partnership Project) standard with TS 23.032
specifications provides universal criteria for describing geo-
graphical areas 1nside the 3GPP system, thereby called GAD.

Some among the methods provided in GAD specifications
are described herein below.

Ellipsoid Point with uncertainty circle: 1t 1s characterised
by the coordinates (latitude and longitude) of a point on
the ellipsoid (point P) and by a distance r. The criteria
identify the area defined as the set of ellipsoid points that
are at a distance from point P that 1s less than or equal to
r. The distance 1s the geodetic distance on the ellipsoid
taken on the path laying on the ellipsoid with a minimum
length. FIG. 3 provides the representation of the Ellip-
so1d Point with uncertainty circle.

Ellipsoid Point with uncertainty ellipse: it 1s characterised
by the coordinates (latitude and longitude) of a point on
the ellipsoid (point P), by the distances rl and r2 and by
an orienting angle o (alpha), as shown i FIG. 4. The
criteria 1dentily the area defined as the set of ellipsoid
points that fall within an ellipse whose longer semi-axis
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has a length rl1 orniented with an angle ¢ (included
between 0 and 180°) taken clockwise with respect to
north direction and shorter semi-axis equal to r2. The
distances are geodetic distances on the ellipsoid taken on
the path laying on the ellipsoid with minimum length.

Polygon: 1t 1s an arbitrary figure (polygon) described by a
set of points. The minimum allowed number of points 1s
three and the maximum number of allowed points 1s
fifteen. The points are connected, in the order in which
they are described, by lines on the ellipsoid 1n order to
move along the mimmimum distance between the points.
The last point 1s connected to the first. FIG. 5 shows an
example of an area described with a polygon, where the
points are designated with A, B, C, D, E.

Ellipsoid Point with altitude and uncertainty ellipsoid: 1t 1s
characterised by the coordinates (latitude and longitude)
of a point (point P) with related altitude, the distances rl
(longer semi-axis), r2 (shorter semi-axis), r3 (vertical
uncertainty ) and an orienting angle « (alpha), as shown
in FIG. 6. The criteria identify the area defined as the set
of points falling within the area delimited by the ellip-
so1d centred 1n point P placed at a certain altitude. The
ellipsoid has an axis r3 that 1s vertically aligned while r1
1s the longer ellipse semi-axis that lays on an horizontal
plane that bisects the ellipsoid, and 1s oriented at an
angle a (included between 0 and 180°) measured clock-
wise with respect to the north direction, and r2 1s the
shorter ellipse semi-axis that lays on an horizontal plane
that bisects the ellipsoid.

Ellipsoid Arc: it 1s characterised by the coordinates of a

point on the ellipsoid (point P), an internal radium rl, an
uncertainty radium r2, both taken as geodetic distances
on the ellipsoid surface, with indication of angle O
(theta) between radius rl and north direction and angle {3
(beta) between radius rl and radius r2. FIG. 7 provides a
representation of the Ellipsoid Arc.

A Turther example of the way of describing a “target” area
1s composed of a set of 2D pixels (two-dimensional space): 1t
describes a target area through the set of pixels with defined
shape and size described 1n the two-dimensional space. This
method allows describing geographical areas with different
shapes and even not continuous. FIG. 8 and FIG. 9 provide
examples of areas described as set of pixels. FIG. 8 corre-
sponds to a continuous area, FIG. 9 corresponds to a non-
continuous area.

A still further example of the way of describing a target
space 1s composed of a set of 3D pixels (three-dimensional
space): 1t describes a “target” space by means of the set of
pixels with a defined shape and size described in the three-
dimensional space. This method allows describing “target™
spaces 1n the three-dimensional space with different and even
non-continuous shapes.

The second set of entry data used 1n the herein described
arrangement 1s given by the accuracy specifications, desig-
nated with 2 in the diagram 1n FIG. 2.

The accuracy specifications describe the accuracy with
which 1t 1s desired to locate the “target” area (or, more gen-
erally, the zone or space). The accuracy specifications can be
different for different “target” areas.

As already explained 1n the introductory part of the present
description, the available technologies for determining the
user position related to a “target” area have limited accura-
cies. This since there 1s a non-null probabaility that the user 1s
outside the “target” area but 1s estimated inside, or that he 1s
inside and 1s estimated outside.

FIG. 10 shows as an example a situation in which reference
11 designates the relevant “target” area while reference 12
designates the geographic area that is detected by the location
method or the localised trigger. As can be observed, the two
areas 11 and 12 are not 1dentical and are only partially coin-

cident.
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In practice, only part of the real “target” area 11 1s recog-
nised, while part of the detected geographical area 12 1s
external to the “target” area 11.

Therefore, there 1s a part 11a of the “target” area 11 such
that, 1t the user 1s inside 1t, he 1s detected as outside and a
geographical area 115 outside the “target” area 11, for which
if the user 1s 1nside, he 1s detected as 1nside.

The example 1n FIG. 10 makes one understand that, in
general, given a “target” area, the location method or the
localised trigger do not recognise a certain geographical area
in a well delimited way.

Therefore, 1t happens that positions inside the “target™ area
are detected with an error probability P(elin) as external posi-
tions, and positions outside the “target” area are detected as
positions 1nside the “target” area with probability P(elout). In
particular:

P(elout) 1s the probability that a position outside the “tar-

get” area 1s detected as 1nside the “target” area;

P(elin) 1s the probability that a position inside the “target™

area 1s detected as outside the “target” area.

The two probabilities P(elout) and P(elin) can be used as
indicators through which it 1s possible to provide the accuracy
specifications. Obviously, any other type of accuracy indica-
tor can be used.

As a non-limiting example, the case 1s described 1n which
P(elout) and P(elin) are the indicators used for providing the
accuracy specifications.

Let then A be an area (or, 1n general, a space) with an
enough big reference to contain the “target™ area (or, 1n gen-
eral, the space) and the possible geographical area (or, also
here, more 1 general, the space) detected by the chosen
location method or localised trigger) and let A, be the “target™
area.

Let g(P) designate the probability that the generic point P1s
detected inside. It 1s possible to define these two indicators 1n

the continuous domain with:

1 (1)
Ple|out) = Ef g(P)da
A-Ay

where da 1s the elementary area.

. 1 (2)
P(e | in) = Hf 1 —¢(P)da
Al

where (1-g(P)) 1s the probability that point P (inside the
“target” area) 1s deemed as outside.

In the discrete domain, the same 1ndicators can be repre-
sented as:

(3)

where:

g(a.) 1s the probability that pixel a, outside the “target™ area
1s considered as inside;

Aa; 1s the area of pixel 1.

P(e |1n) = %Z 1 — g(a;) Ag; (4)
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where:
(1-g(a,)) 1s the probability that pixel a, inside the “target™
area 1s considered as outside;
Aa, 1s the area of the pixel 1.
Another example of indicators that can be used for provid-
ing the accuracy specifications are P(elin) and r:
P(elin), as previously defined.
1, defined as ratio between the area detected as belonging to
the “target” area and the actual “target” area.
(3)
In the representation 1n FI1G. 10, r 1s the ratio between area 12
and area 11.

Or, 1n the non-deterministic case, r can be defined as:

B "~ (0)
F_A_r g(Pda

where the integral must be meant as extended to the whole
space. This integral too can be evaluated 1n a discrete form 11
the values of g(P) are known only for some points.

The desired accuracy specifications can then be provided
as system input by establishing values, or ranges of values, for
the above-mentioned indicators.

For example, it 1s possible to point out whether a value 1s
desired that 1s equal to P1 for P(elin) and greater than P2 for
P(elout), or greater than and equal to P3 for P(elin) and less
than P4 for r. Moreover, it 1s possible to point out that 1t 1s
desired to give priority to one of the accuracy indicators
provided as input. For example, for a certain service, 1t can be
more 1mportant to guarantee that the probability P(elin) 1s
exactly the pointed-out one or 1s within the pointed-out range,
while the probability P(elout) can be deemed as less impor-
tant. In such case, the indicator P(elin) will be pointed out as
priority. Such priority will then be useful for determining the
project parameters, as will be described below.

After having received as inputs the “target” area 1 and the
accuracy specifications 2, module 3 queries module 4 (that, as
already previously stated, stores the mathematical models
that describe the location methods and/or the localised trig-
gers) 1 order to know whether, among the stored models,
there 1s at least one that allow satistying, after having fixed the
“target” area, the above accuracy specifications. If there are
many models that satisfy the accuracy specifications, the
choice among them can be made, also automatically, depend-
ing on another criteria, for example depending on implement-
ing costs for the corresponding location techniques and/or
localised triggers.

The mathematical models are stored 1n module 4 as one or
more functions that, for the chosen location method and/or
the localised triggers, correlate the project parameters 10, that
can be represented, for example, by a vector P (with one or
more values), with the parameters identifying the “target”
space and with all indicators describing the accuracy speci-
fications 2.

For example, the mathematical model can comprise a first
function that correlates P(elin) with the “target™ area and with
P, and a second function that correlates P(elout), or r, with the
“target” area and with P.

Taking 1nto account, as an example, the above-described
indicators: P(elout) and P(elin), 1t 1s possible to describe the
generic localisation technique with a mathematical model of

the type:

Plelout)=F (E,AreaTarget) (7)

Plelin)=G(P,AreaTarget) (8)

where P 1s the project parameters vector.
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Depending on such functions, module 3 1s able to establish
whether there 1s a model that complies with the imposed
requirements (“target” area and accuracy parameters) and,
therefore, whether there 1s a localisation method and/or loca-
lised triggers adapted for such purpose. If there 1s more than
one model that satisfies such requirements, one will be chosen
depending on predetermined critenia, for example depending
on location technology implementing costs.

Once having chosen the model, module 3 1s able to deter-
mine the project parameters P for the corresponding location
method and/or localised triggers. For such purpose, module 3
can also exploit the priority indication related to the accuracy
parameters. In practice, the project parameters P will be
established through the function linking the project param-
cters themselves to the “target” area and the priority accuracy
parameter.

For example, if P(elin) 1s deemed as the priority accuracy
parameter and as iput conditions Arealarget=At and
P(elin)=P1 are set, the vector P will be established depending
on the relationship: B

G(P,A)=P1.

The project parameters P will then be determined depend-

ing on the above functions and the priority indicated as
regards the indicators describing the accuracy specifications

2.

The mathematical models can be built 1n different ways,
such as theoretical studies, simulations, collection of real
information and experimental studies.

As a non-limiting example, a method 1s described below
(not previously dealt with i the art) for determining the
mathematical models, realised through the collection of real
information.

This method consists 1n the:

collection of data used by location methods and/or by

localised triggers, directly from the real world. The data
collection 1s performed by means of experimental tests
(trials) in which the quantities are measured that are used
by the location methods and/or by the localised triggers
for which the mathematical model has to be determined.
The number of measures and the distribution of measur-
ing points on the territory are such as to statistically
characterise the behaviour of the measured quantities.
The measuring points cover geographic areas with dif-
ferent morphologic characteristics. Every measure 1s
geo-referenced;

processing ol collected data—+the collected measures are

processed 1n order to generate the mathematical model
of the location method and/or the localised trigger. Pro-
cessing 1s performed by examining the behaviour of the
location method and/or the localised trigger for a con-
sistent number of “target” areas with different sizes and
placed in geographical areas with different morphologic
characteristics. This processing allows for example to
determine the mathematical model described by:

Plelout)=F (f,AreaTarget) (9)

Ple Iin)=G(I_3,AreaTarget) (10)

FIG. 11 shows the method for determining the mathemati-
cal model through the collection of real information. In step
13 the collection of real data 1s performed, such data being
used by the location method and/or the localised trigger to
estimate the position with respect to the “target” area. In step
14 the collected information are processed 1n order to locate
the mathematical model 15.
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However, as already pointed out, the described arrange-
ment can use any location method and/or localised trigger.

For every location method or localised trigger, it1s possible
to locate one or more project parameters (1n general there will
be a vector P of project parameters) through which it 1s
possible to satisiy the accuracy specifications (obviously
remaining within the accuracy limits imposed by the exam-
ined location technology).

Herein below some area recognition technologies, not pre-
viously documented 1n the art, will be examined.

The location whether one belongs to a certain “target” area
through a location technology (in the examined case, the
location technology DFL disclosed in U.S5.2004058691 will
be taken 1into account) occurs by evaluating whether the coor-
dinates estimated by the above method fall or not within an
area called “fictitious target area™.

The recognition of “target” areas by using the location
method DFL consists in:

1) periodically locating the mobile terminal; location 1s
performed by collecting from the terminal the measures Cell
ID, NMR and, 1if available, Time Advance, and through the
location motor DFL the estimated position 1s determined. The
periodicity with which the location 1s performed 1s chosen
depending on the required speed 1n recognising entry or exit
from the “target” area;

11) veriiying whether the estimated position 1n the previous
step 1s within a “fictitious target area” having as centre the
“target” area centre and radius equal to “d”, where d is the
project parameter;

111) providing outputs 7 and/or 8 i FIG. 2. Output 7 1ndi-
cates the updated information upon every location of the
position detected as IN (inside the “target™), OUT (outside the
“target”). Output 8 indicates the possible status change from
a position 1nside the “target” area to one outside 1t or vice
versa.

The determination of the mathematical model for this loca-
tion technology 1s advantageously performed by analysing its
behaviour on real data (as already previously described):

measures are collected that are used by the location method

DFL (CellID, NMR, TA) for a set of statistically geo-
referenced points consisting 1in:

the collected measures are processed in order to generate

the mathematical model. Processing 1s performed by
examining, for a consistent number of “target” areas
with different sizes and placed in geographical areas
with different morphologic characteristics. The study 1s
performed by varying, with the same “target” area, the
size of d, project parameter. This processing allows
determining the mathematical model given by:

PEFL(E|IH):G£}FL(d5AIeHTﬂIgE7t) (1 1)

Vrer =F ppr(d, Arealarget) (12)

where:

P,., (elin) 1s the probability that a position inside the
“target’ area 1s detected as outside the “target” area, for
the location method DFL;

I~ between geographical area detected as area belonging
to the “target” area and actual “target” area, for the
location method DFL;

d 1s the project variable and represents the radius that,
together with the centre of the “target” area, describes
the area in which the position estimated by the DFL must
fall to declare that the position 1s 1nside the “target” area.

FIGS. 12 and 13 show a representation of P, (elin), with

a value that 1s obviously included between O and 1, and r -
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upon the increase of d (1in meters) for a circular “target™ area
with radius equal to 500 m 1n an urban area.

Assuming, for example, that module 3 has chosen the DFL
method among the different methods stored in module 4 and
that P(elin) 1s deemed the priority accuracy parameter, the
determination of d can be performed depending on the graph
in FIG. 12, choosing that value which best satisfies the
requirements on P(elin). For example, 11 1t 1s necessary to
have P(elin)=0.2, d will be chosen equal to 3500 (in this
particular case, d coincides with R).

The localised trigger technology based on Cell ID consists
in locating, given a “target” area, a set of cell identifiers whose
areas best cover the “target” area. The set of cells 1s chosen 1n
such a way that a spot 1inside the “target” area 1s recognised as
such 1n the majority of cases and vice versa for the spots
outside the “target” area.

The recognition of “target” areas using the localised trigger
based on Cell ID comprises the following steps:

choice of the set of cells whose areas best cover the “target”™

area. The method consists, for example, 1n choosing the

cells with barycentre inside an area having as centre the

“target” area centre and radium d; d 1s the project param-

cter and the barycentre of a cell 1s considered, for

example, as:

in case ol an omni-directional cell, the geographic spot
in which the cell site has 1ts seat;

in case ol an umdirectional cell, the geographic spot
located taking into account, along the maximum cell
gain direction, the geographic spot that 1s at a certain
distance from the geographic spot in which the cell
site has its seat, equal to half the distance between the
geographic spotin which the cell site, whose barycen-
tre has to be known, has 1ts seat, and the geographic
spot 1n which the nearest cell site has 1ts seat;

after having determined the set of cells covering the “tar-

get” area, 1 order to examine whether the spot 1s mnside
the “target” area, it 1s enough to verity whether the
serving cell detected 1n such spot 1s a cell belonging to
the chosen set;

providing outputs 7 and/or 8 1n FIG. 2. Output 7 indicates

the updated information upon every detection of the
position detected as IN (1nside the “target™), OUT (out-
side the “target™). Output 8 indicates the possible status
change from a position inside the “target” area to one
outside or vice versa.

Also for this localised trigger technology, the determina-
tion of the mathematical model 1s preferably performed by
analysing its behaviour on real data (as described previously):

measures are collected that are used by the localised trigger

(serving Cell ID) for a set of statistically geo-referenced
points consisting 1n:

collected measures are processed 1n order to generate the

mathematical model. Processing 1s performed by exam-
ining the behaviour for a consistent number of “target”
arcas with different sizes and placed 1in geographical
arcas with different morphologic characteristics. The
study 1s performed by varying, with the same “target”
area, the size of d, project parameter.

This processing allows determiming the mathematical

model given by:

P cop(elm)=G o rp(d, AreaTarget) (13)

¥ ottt —F conp(d,AreaTarget) (14)
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where:

P....;» (elin) 1s the probability that a position inside the
“target” area 1s detected as outside the “target” area, for
the localised trigger based on Cell 1D;

T ratio between geographical area detected as area
belonging to the “target” area and actual “target” area,
for a localised trigger based on Cell ID);

d 1s the variable representing the radium that, together with
the target centre, describes the area 1in which the cell
barycentre must fall to be deemed belonging to the set of
cells covering the “target” area.

It 1s also possible to proceed with the recognition of “tar-

get” areas by using a localised trigger based on neural net-
works.

A localised trigger based on neural networks consists 1n
recognising a “target” area using the neural networks. The

used neural network has as mput nodes a number of input
neurons, each one of which 1s associated with a well defined

transmitting cell, and as output node the output neuron that
provides the recognition result.

Therecogmition of “target” areas using the localised trigger
based on neural networks comprises the following steps:

1) given a “target” area a neural network 1s trained to rec-
ognise the “target” area itself, 1n a simulated environment,
such network having as input nodes a number of nodes equal
to Nin. Training in a simulated environment consists 1 pro-
vided the network with a set of spots inside and outside the

“target” area with indication of cells and related powers (Cell-
ID and NMR) simulated 1n the affected spots and with the
indication of inside/outside the “target” area for every spot;

1) the trained neural network 1s able to examine whether
the position 1s 1nside or outside the “target” area. Providing
the neural network mput nodes with the amounts measured in
the various spots (Cell-ID and NMR) the neural network
estimates whether the measured spot 1s mside or outside the
“target” area;

111) providing outputs 7 and/or 8 i FIG. 2. Output 7 1ndi-
cates the updated information upon every detection of the
position detected as IN (1nside the “target”), OUT (outside the
“target”). Output 8 indicates the possible status change from
a position inside the “target” to one outside or vice versa.

The determination of the mathematical model for this loca-
lised trigger technology can be performed by analysing its
behaviour on real data (as already described previously).

In a typical embodiment, the steps are as follows:

measures are collected that are used by the localised trigger
(Cell ID and NMR ) for a set of statistically coherent and
geo-referenced points;

collected measures are processed in order to generate the
mathematical model. Processing 1s performed by exam-
ining the behaviour for a consistent number of “target”
arcas with different sizes and placed 1n geographical
arcas with different morphologic characteristics. The
study 1s performed by varying, with the same “target”
area, the size of Nin, project parameter.

This processing allows determining the mathematical
model given by:

Pneuraf(e |1H):G

neviral

(Nin,AreaTarget) (15)

. (Nin, AreaTarget) (16)

F

nevral
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where:

P __ . (elin) 1s the probability that a position inside the
“target” area 1s detected as outside the “target” area, for
the localised trigger based on neural networks;

r, . ...1stheratio between the geographical area detected as

area belonging to the “target” area and the actual *“tar-

get” area, for a localised trigger based on neural net-
works;

Nin 1s the project variable and represents the number of
neural network input-nodes.

The use of the herein described arrangement allows defin-
ing, depending on the localised service that has to be provided
to a user, 1n addition to the “target” area, 1n which the service
must be available, also the accuracy specifications, that point
out with which tolerance the service can be provided.

Managing the accuracy specifications by determining the
suitable project parameters allows having a check on the
quality of the service offered to a user.

Using the described arrangement 1t 1s possible, for
example, to:

provide safety services by calibrating the quickness with
which the output from the “target” area must be
detected. It 1s possible to manage the compromise
between percentage of false alarms that one accepts to
receive and the speed with which a real alarm must be
detected;

in applications in the advertising sector, 1t 1s possible to
send advertising only if one 1s almost sure that the useri1s
really 1n the “target” area. Recerving advertisements
when this has not been requested can be deemed a strong
disturbance by a user. In this case it 1s possible to set
restrictive service (or accuracy) specifications that allow
having the maximum probability that advertising 1s
detected only 1f the user 1s in the designated “target” area
as compared to a loss of advertising percentage due to
the lack of a detection 1n the “target™ area;

manage different cases within a given type of service. For
example, the differential billing, by applying in some
cases only 11 one 1s sure that the user 1s 1nside the given
“target” area (case 1 which 1 a given critical area an
increased fare 1s applied), by setting for such purpose
restrictive accuracy specifications; in other cases, 1n
which 1t1s desired to be sure notto detect as outside users
that are 1nside the “target™ area (case 1n which 1n a given
area a reduced fare 1s applied), accuracy specifications
will be set that favour the detection 1n the “target™ area.

In general, it 1s possible to better manage the location-
based services by allowing the service manager to calibrate
the accuracy specifications depending on the service supply
mode.

It 1s also clear that, without departing from the principles of
the mvention, the constructive parts and the embodiment can
change, even greatly, with respect to what has been described
and shown, merely as a non-limiting example, without
thereby departing from the scope of the invention, as defined
by the following claims.

For example, the accuracy specifications could be provided
by pointing out the required value, or the required value
range, for a single accuracy indicator, chosen among P(elin),
P(elout) and r, or of a different type.

The mvention claimed 1s:

1. A method for determiming whether at least one terminal
belongs to a target space 1n a communications network in
order to provide a set of services linked to the fact that said
terminal belongs or does not belong to said target space, said
belonging being determined depending on at least one deter-
mination parameter, comprising:
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associating, with a first service of the set of services, a
service specification indicative of a first allowable error
margin in determining whether said terminal belongs or
does not belong to said target space;

associating, with a second service of the set of services, a
service specification indicative of a second allowable
error margin 1 determining whether said terminal
belongs or does not belong to said target space; and

varying said at least one determination parameter depend-
ing on said service specifications.

2. The method according to claim 1, further comprising:

determining at least one 1indicator selected from:

1) the probability that said at least one terminal placed
outside said target space 1s detected as placed nside
said target space, and

1) the probability that said at least one terminal placed
inside said target space 1s detected as placed outside
said target space; and

determining said service specifications depending on said
at least one 1ndicator.

3. The method according to claim 1, further comprising:

determining at least one 1indicator selected from:

1) the probability that said at least one terminal placed
inside said target space 1s detected as placed outside
said target space, and

1) the ratio between the size of the space detected as
space belonging to said target space and the actual
s1ze of said target space; and

determiming said service specifications depending on said
at least one 1ndicator.

4. The method according to claim 1, further comprising
generating a signal that indicates the passage of said at least
one terminal between 1nside and outside said target space.

5. The method according to claim 1, further comprising
determining said service specifications as a model.

6. The method according to claim 5, wherein said model 1s
based on:

the probability that said at least one terminal placed 1nside
said target space 1s detected as placed outside said target
space;

the ratio between the size of the space detected as space
belonging to said target space and the actual size of said
target space; and

a radial size that, together with the target space centre,
describes the space in which the estimated position of
sald at least one terminal must be located, so that said at
least one terminal 1s detected inside said target space.

7. The method according to claim 5, further comprising
generating said model through:

collecting experimental data from geo-referenced mea-
sures ol quantities used by the location methods and/or
the localized triggers 1n a plurality of target spaces hav-
ing at least one different s1ze or morphologic character-
1stic within said communications network; and

processing data collected in order to generate said model.

8. The method according to claim 7, further comprising:

periodically determiming, in following estimation times,
the estimated position of said at least one terminal;

verilying whether the estimated position in the previous
estimation time 1s 1nside a space having as a centre the
centre of said target space and a given radial size; and

generating at least one signal that provides updated infor-
mation of the result of said step of verifying.

9. The method according to claim 8, wherein said step of
verilying 1s performed with a periodicity chosen depending
on the required speed 1n recognizing the entry or exit of said
at least one terminal with respect to said target space.
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10. The method according to claim 6, further comprising:

configuring said communications network as a cellular
communications network comprising a plurality of cells
that are subjected to serve said at least one terminal;

identifying, within said plurality, a set of cells with bary-
centre inside a space whose centre 1s 1n the centre of said
target space and radius equal to said radial size; and

estimating whether said at least one terminal 1s 1n said
target space, verilying whether the cell of said cellular
communications network that at that time serves said at
least one terminal 1s a cell belonging to the identified set.

11. The method according to claim 10, wherein the follow-

ing are considered as barycentre of a cell of said set:

in case ol an omni-directional cell, the geographic spot in
which the cell site has its seat; and

in case of a umidirectional cell, the located geographic spot,
considering along the maximum cell gain direction, the
geographic spot that 1s at a distance from the geographic
spot 1n which the cell site has 1ts seat, equal to halt the
distance between the geographic spot in which the cell
site has 1ts seat, whose barycentre has to be known, and
the geographic spot 1n which the nearest cell site has its
seat.

12. The method according to claim 1, further comprising:

configuring said communications network as a cellular
communications network comprising a plurality of cells
that are subjected to serve said at least one terminal;

generating a neural network having, as input nodes, input
neurons each one of which 1s associated with one of the
cells of said plurality and, as output node, an output
neuron that provides the result of the detection whether
said at least one mobile terminal belongs to one of the
cells of said plurality.
13. The method according to claim 12, further comprising
training said neural network having a given number of input
nodes, to recognize a given target space providing to the
neural network a set of points 1mnside and outside the target
space 1tselt, with an indication of the cells of said plurality and
the related stmulated powers 1n the spots of said set and with
an indication that said at least one terminal 1s 1nside or outside
the target space for every spot 1n said set.
14. The method according to claim 13, further comprising:
providing the input nodes of said neural network with
homologous power values detected 1n the spot 1n which
sald at least one terminal can be found, so that said neural
network estimates whether said at least one terminal 1s
inside or outside with respect to the target space; and

generating at least one signal that provides information
related to the fact whether said at least one terminal 1s
inside or outside with respect to the target space.

15. The method according to claim 12, further comprising:

determining with said target space, at least one indicator

selected from:

1) probability that said at least one terminal located 1n
said target space 1s detected by said neural network as
placed outside said target space; and

11) ratio between the size of the space detected by said
neural network as space belonging to said target space
and the actual size of said target space; and

determining the number of input nodes of said neural net-

work depending on said at least one indicator.

16. A method for determining whether at least one terminal
belongs to a target space 1n a communications network in
order to provide a set of services linked to the fact that said
terminal belongs or does not belong to said target space, said
belonging being determined by:
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associating, with a first service of the set of services, a
service specification indicative of a first allowable error
margin in determining whether said terminal belongs or
does not belong to said target space; and

associating, with a second service of the set of services, a
service specification indicative of a second allowable
error margin 1 determining whether said terminal
belongs or does not belong to said target space.

17. A system for determining whether said at least one
terminal belongs to a target space 1n a communications net-
work 1n order to provide a set of services linked to the fact that
said terminal belongs or does not belong to said target space,
said belonging being determined depending on at least one
determination parameter, the system being configured to per-
form a method comprising:

associating, with a first service of the set of services, a
service specification indicative of a first allowable error
margin in determining whether said terminal belongs or
does not belong to said target space;

associating, with a second service of the set of services, a
service specification indicative of a second allowable
error margin 1 determining whether said terminal
belongs or does not belong to said target space; and

varying said at least one determination parameter depend-
ing on said service specifications.

18. A communications network configured in order to pro-
vide services based on whether a terminal belongs or does not
belong to a target space, the network comprising a system for
determining whether said at least one terminal belongs to a
target space 1n a communications network in order to provide
a set of services linked to the fact that said terminal belongs or
does not belong to said target space, said belonging being
determined depending on at least one determination param-
cter, the system being configured to perform a method com-
prising:

associating, with a first service of the set of services, a
service specification indicative of a first allowable error
margin in determining whether said terminal belongs or
does not belong to said target space;

associating, with a second service of the set of services, a
service specification indicative of a second allowable
error margin in determining whether said terminal
belongs or does not belong to said target space; and

varying said at least one determination parameter depend-
ing on said service speciiications.

19. A cellular communications network comprising a com-
munications network comprising a plurality of cells that are
subjected to serve said at least one terminal and configured to
provide services based on whether a terminal belongs or does
not belong to a target space, the network comprising a system
for determining whether said at least one terminal belongs to
a target space 1 a communications network in order to pro-
vide a set of services linked to the fact that said terminal
belongs or does not belong to said target space, said belong-
ing being determined depending on at least one determination
parameter, the system being configured to perform a method
comprising:

associating, with a first service of the set of services, a
service specification indicative of a first allowable error
margin in determining whether said terminal belongs or
does not belong to said target space;

associating, with a second service of the set of services, a
service specification indicative of a second allowable
error margin 1 determining whether said terminal
belongs or does not belong to said target space; and

varying said at least one determination parameter depend-
ing on said service specifications.



US 8,175,619 B2

19

20. A computer-readable medium adapted to be loaded in
the memory of at least one processor and comprising portions
ol software code capable of performing a method for deter-
mimng whether at least one terminal belongs to a target space

in a communications network in order to provide a set of s

services linked to the fact that said terminal belongs or does
not belong to said target space, said belonging being deter-
mined depending on at least one determination parameter,
comprising;
associating, with a first service of the set of services, a
service specification indicative of a first allowable error
margin 1n determining whether said terminal belongs or
does not belong to said target space;
associating, with a second service of the set of services, a
service specification indicative of a second allowable
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error margin in determining whether said terminal
belongs or does not belong to said target space; and

varying said at least one determination parameter depend-
ing on said service specifications.

21. The method according to claim 1, wherein the service
specification 1ncludes a threshold parameter indicative of a
level of certainty or uncertainty in a location of the at least one
terminal.

22. The method according to claim 1, wherein the service
specification includes a threshold parameter indicative of an
acceptable delay 1n reporting entry into or exit from the target
space by the at least one terminal.
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